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Description

[0001] The present invention relates to an apparatus
for varying a focal point of an optical system in a dental
3D-scanner. The present invention further relates to a
dental 3D-scanner.

[0002] Inview of the increasing average life expectan-
cy of the population and the technological progress, the
reconstruction ofteeth and the use of dentures and dental
prostheses have become more and more important in
recent years. For these purposes and also for other ap-
plications in the field of odontology, it is required to ac-
curately assess the situation in a patient’'s mouth. Tradi-
tional approaches in this respect include making use of
a soft material, in particular wax, to create an impression
of the patient’s jaw and remaining teeth. This impression
then forms the basis for constructing a model to custom-
ize artificial dentition to the specific needs of the respec-
tive patient.

[0003] Recently, dentists and technicians in dental lab-
oratories have more and more been relying on 3D-scan-
ners (can sometimes also be referred to as tomography
scanners) for generating a three-dimensional represen-
tation of the situation in a patient’s mouth based on scan
data acquired in the mouth of the patient. Such a model
can, e.g., form the basis for a computer-aided prosthesis
design. There exist various handheld devices to be in-
serted into a patient's mouth as an intraoral 3D-scanner
for obtaining in-situ scan data. For instance, a camera
sensor can be used to gather the respective data. Usu-
ally, the camera is manually moved around the upper or
lower jaw or a section of interest of the jaws thatis subject
to reconstruction.

[0004] The scanning and reconstruction can, e.g., be
based on fringe projection methods. Objects are illumi-
nated with structured patterns of light. These patterns
are modulated by the scan object and then recorded as
an image with a camera at a known angle with respect
to the projections. Techniques such as a Fourier trans-
formation can be used to calculate the surface modula-
tions by analyzing the recorded images. Based on these
data, it is possible to obtain 3D coordinates of the scan
object.

[0005] Different 3D-measurement principles require
that a lens of an optical system of the image sensor is
moved in order to vary a focal point (or focal plane). By
moving a lens back and forth with respect to the detector
(image sensor) and/or projector, it becomes possible to
obtain information on the spatial dimensions of a scan
object. This measurement principle corresponds to the
function of a confocal microscope. If the camera is a
handheld device, it is important that the lens is moved at
sufficient speed so that a relative movement of the cam-
era with respect to the scan object does not affect the
measurement accuracy. Usually, oscillation frequencies
of amovable lens in a dental 3D-scanner are on the order
of 2-20 Hz.

[0006] In this respect, EP 2 051 042 B1 relates to a
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device for tomographically recording objects. The device
comprises a first grid arranged in an optical axis of a light
beam downstream of a source of light which the light
beam may be guided through before irradiating an object
so that a pattern of the first grid may be projected on the
object. The device further comprises an optical imaging
assembly forimaging the object on a sensor. Still further,
the device comprises a second grid provided in the optical
axis of the reflected light beam, the second grid having
a pattern matching the first grid, the reflected light beam
having the pattern of the first grid being guided through
said second grid so thatthe sensor senses the light beam
reflected by the object with a Moiré pattern resulting from
overlying the pattern of the first grid and the pattern of
the second grid.

[0007] DE10356412A1 discloses a multifocal confocal
method and confocal arrangement for less cooperative
objects.

[0008] EP2377464A1 discloses 3D imagingusing dou-
ble telecentric optical systems and depth measurement
from focus sequence.

[0009] US2018192877A1discloses a compact confo-
cal dental scanning apparatus.

[0010] One challenge with current approaches to
three-dimensional scanning by means of a movable lens
are vibrations. In particular for higher frequencies, the
movement of the lens in a handheld scanning device can
resultin vibrations of the scanning devices. These vibra-
tions can cause a blurring of the gathered data and the
reconstructed 3D-scan. One approach to compensate
such vibrations is to make use of a counterweight. Such
a counterweight can be moved at the same speed as the
lens but in the opposite direction. This, however, has the
drawback that the total mass is increased so that it be-
comes more difficult to move the lens at an adequate
oscillation frequency.

[0011] Inview ofthe above, the presentinvention faces
the problem of improving the image quality of a dental
3D-scanner with a movable lens. In particular, the
present invention aims at reducing vibrations of a hand-
held scanning device for intraoral application albeit al-
lowing a lightweight construction of the device. A high
oscillation frequency and a quick reaction of the movable
lens is desired to allow for a compensation of manual
movements of the handheld device with respect to the
scan object.

[0012] To solve this problem, a first aspect of the
present invention relates to an apparatus for varying a
focal point of an optical system in a dental 3D-scanner,
comprising:

alens unit with a lens being movable between a front
reversal position and a rear reversal position to vary
a position of a focal point with respect to a scan ob-
ject;

a guide unit for guiding a movement of the lens unit
between the front reversal position and the rear re-
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versal position along a guide axis being parallel to
an optical axis of the lens; and

a drive unit for driving the movement of the lens unit,
said drive unitincluding a linear motor with an anchor
and a stator, said anchor being movable along adrive
axis of the drive unit that is parallel to the guide axis,
characterized in that said stator being affixed to the
guide unit, wherein the drive unit includes a coupling
arrangement for coupling a movement of the anchor
and the lens unit so that a movement of the anchor
in a first direction is transferred to a movement of the
lens in a second direction opposite to the first direc-
tion, wherein the coupling arrangement includes a
flexible connection element for connecting the an-
chor and the lens unit to transfer a force from the
anchor to the lens unit; and wherein the coupling
arrangement includes an inverting element for in-
verting the movement of the anchor.

[0013] Inanotheraspect, the inventionrelatestoaden-
tal 3D-scanner for scanning a three-dimensional scan
object, comprising:

an apparatus as defined above;

a detector for detecting a light signal from the scan
object passing through the lens; and

a handheld housing for manually guiding the 3D-
scanner around the scan object.

[0014] Preferred embodiments of the invention are de-
fined in the dependent claims. It shall be understood that
the claimed dental 3D-scanner has similar and/or iden-
tical preferred embodiments as the claimed apparatus,
in particular as defined in the dependent claims and as
disclosed herein.

[0015] The apparatus of the present invention has a
lens unit including the lens and the respective fixation
that is movable between a front reversal position and a
rear reversal position. This movement is guided by
means of a guide unit in a direction parallel to an optical
axis of the lens (guide axis). By this movement of the
lens a distance between the lens and a photodetector of
the dental 3D-scanner as well as a projector is varied.
The distance is increased in the front reversal position.
Thereby, a position of a focal point with respect to a scan
object is modified. In other words, the scan object is
scanned at different depths or in different planes. The
movement is driven by a drive unit having a linear motor.
The stator of the linear motor is affixed to the guide unit
and the anchor movement is transferred to the lens unit.
Usually, the lens is oscillated at an oscillation frequency
while scanning the scan object. The movement of the
lens is thereby limited by the distance between the front
reversal position and the rear reversal position. Itis, how-
ever, also possible that the lens is moved by a smaller
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amplitude.

[0016] The present invention is based on the idea of
making use of a linear motor for moving a lens in a dental
3D-scanner. In comparison to previous approaches with
piezoelectric actuators (piezo acoustic drives), ap-
proaches that are based on a link motion to transform a
rotational movement into a linear movement or align ac-
tuators that are comparable to voice coil actuators, the
linear motor of the present invention has the advantage
that the control of the movement of the lens can be very
precise and accurate. It becomes possible to freely
choose a reversal point to adapt the movement of the
lens to the size and position of a scan object. The position
of the lens can be assessed very accurately by means
of corresponding sensors. Further, high accelerations of
the lens unit are possible so that high oscillation frequen-
cies can be realized. As a result, high quality scans can
be generated.

[0017] The drive unitincludes a coupling arrangement
for coupling a movement of the anchor and the lens unit
so that a movement of the anchor in a first direction is
transferred to a movement of the lens in a second direc-
tion opposite to the first direction. Thus, the anchor of the
linear motor is used as a counterweight to compensate
for vibrations caused by the movement of the lens unit.
In comparison to previous approaches thatrequire a sep-
arate counterweight, this has the advantage that a more
lightweight construction can be obtained. Furthermore,
by making use of the anchor as a counterweight, the tim-
ing of the movement of the lens unit and the counter-
weight is ensured. Since the lens unit is driven by the
counterweight, no vibrations can occur. Measurement
accuracy is improved and itis ensured that a high-quality
three-dimensional image of an object can be generated.
[0018] The coupling arrangement includes a flexible
connection element for connecting the anchor and the
lens unit to transfer a force from the anchor to the lens
unit. Said flexible connection element preferably includes
a steel strip. A steel strip can also be referred to as a
steel tape. The flexible connection element transforms
or transmits the movement of the anchor to a movement
of the lens unit in the opposite direction. For this, the
connection element is preferably flexible in a single di-
rection so that it can be guided around a respective de-
flection and is rigid with respect to its length axis so that
both a compressive force and a tractive force can be
forwarded from the anchor to the lens unit. A steel strip
or steel band has such properties and can thus be used
advantageously.

[0019] In a preferred embodiment, the coupling ar-
rangement includes a tension element for tensioning the
connection element. Said tension element preferably in-
cludes a spring. By making use of a tension element, it
becomes possible to ensure that the movement of the
anchor is smoothly transferred to the movement of the
lens unit. No vibrations occur if the connection element
is constantly held under force. In particular, when the
linear movement is reversed in the opposite direction, it
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is important that overshooting is impeded. Preferably, a
spring is used to provide this functionality. It is ensured
that vibrations are minimized so that the quality of the
three-dimensional scan is improved.

[0020] In an embodiment, the coupling arrangement
includes an inverting element for inverting the movement
of the anchor. This inverting element preferably includes
a ball bearing. In order to transfer the movement from
the anchor to the lens unit, it is advantageous to make
use of adeflection corresponding to a changein direction.
To provide this functionality, it is possible to make use of
a ball bearing that minimizes friction so that high oscilla-
tion frequencies can be obtained at low vibrations. This
has the effect that a precise movement of the lens unit
at high speed is assured to improve the quality of a gen-
erated 3D scan. In yet another embodiment, the guide
unit includes a position sensor for determining a position
of the lens unit between the front reversal position and
the rear reversal position. The position sensor preferably
includes an optical distance measurement sensor. It is
possible to include a position sensor to determine the
position of the lens and thereby determine the position
of the focal point within the guide unit. An optical distance
measurement sensor may particularly correspond to a
laser sensor or the like that allows for a precise determi-
nation of a distance. For instance, the position sensor
can be attached to a stationary part and a light beam can
be directed to a moving part of the guide unit. By making
use of a position sensor, it becomes possible to control
the movement of the lens unitand to adaptthe movement
of the lens unit to a position and shape of a current scan
object. A precise measurement results in a high-quality
3D scan of the scan object.

[0021] Inapreferred embodiment, the drive unitis con-
figured to control the movement of the lens unit based
on a sensor signal of the position sensor. In particular, it
is advantageous if the sensor signal of the position sensor
is exploited to control the movement of the lens unit.
Thereby, the measured variable is directly indicative of
the variable intended to be controlled, i.e. the position of
the focal point or focal plane. The alternative of measur-
ing the anchor position and exercising control based on
the anchor position would, in contrast, not correspond to
a direct control since the anchor movement needs to be
transferred to the lens movement. The lens unit is rigidly
connected to the lens so that a direct measurement of
the focal point or focal plane position is obtained by mak-
ing use of the sensor signal of the position sensor. A
precise control is assured so that the scan quality can be
further improved.

[0022] In yet another preferred embodiment, the guide
unitincludes a linear recirculating ball bearing guide. The
lens unit includes an engaging element for engaging into
said linear recirculating ball bearing guide. The linear re-
circulating ball bearing guide corresponds to a railing in
which a respective part of the lens unit is guided along
the guide axis. Friction is minimized or reduced so that
a precise and fast movement of the lens unit is possible.
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This again has the effect that the scanning quality is im-
proved.

[0023] In yet another preferred embodiment, a mass
of the lens unit is equal to a mass of the anchor to com-
pensate for reaction forces resulting from acceleration of
the lens and the anchor. Preferably, the mass of the lens
unit is chosen to be equal to the mass of the anchor. If
both masses are the same, the movementin the opposite
direction is entirely compensated for so that the resulting
vibrations are minimized or completely prevented. There-
by, it is optionally possible to make use of additional
masses (balancing masses) on either the lens unit or the
anchor to ensure that the total masses of the two parts
moving in opposite directions are equal. Minimized vi-
brations of the handheld scanner result in high-quality
3D scans.

[0024] In another preferred embodiment, a centerline
of mass of the lens unit parallel to the guide axis corre-
sponds to a centerline of mass of the anchor parallel to
the guide axis. By ensuring that the centerlines of mass
of the moving parts are aligned with one another, it be-
comes possible to compensate for hinge or torque mo-
ments. It is ensured that no torque moments are pro-
duced when the anchor and the lens unit are moved or
accelerated against one another in opposite directions.
The scan quality is further improved.

[0025] In another preferred embodiment, the linear
motor is a brushless 3-phase linear servomotor. The lin-
ear motor preferably includes a hall sensor for measuring
a position of the anchor with respect to the stator. As an
additional sensor, it is possible to make use of a hall
sensor in a 3-phase linear servomotor. This hall sensor
can particularly be used to control the power input to the
servomotor to allow for precise controllability.

[0026] In another embodiment, a maximum displace-
ment of the anchor is equal to a distance between the
front reversal position and the rear reversal position. The
required construction or space is minimized if the maxi-
mum displacement of the anchor corresponds to the dis-
tance between the front reversal position and the rear
reversal position. Since the movements of the two mov-
ing parts are linked, it is not required that one movement
has a higher displacement than the other. The required
constructional space and the total weight are minimized
and manufacturing costs are reduced.

[0027] Inanother preferred embodiment, the drive unit
is configured to drive the movement of the lens unit to
oscillate between a selectable front oscillation position
and a selectable rear oscillation position at an oscillation
frequency of 2to 20 Hz, preferably 5to 10 Hz, in particular
7.5 Hz. Itis not required that the oscillation is carried out
at a maximum displacement. For smaller scan objects,
itis sufficient if the focal point is varied so that the dimen-
sions of the scan objects are fully covered. The advan-
tage of making use of a smaller amplitude is that a higher
frequency can be obtained. A higher frequency results
in that a movement of the 3D-scanner with respect to the
scan object can be compensated for. The linear motor
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allows for a precise selection of a front oscillation position
and a rear oscillation position between which the lens
unit oscillates.

[0028] In a preferred embodiment of the dental 3D-
scanner, it comprises a control unit for controlling the
drive unit. The control unit makes use of the different
sensor signals and of a user input (optional) to control
the parameters of the movement of the lens unit. In par-
ticular, it becomes possible to adjust an oscillation fre-
quency and an amplitude of the movement of the lens
unit.

[0029] Herein, a focal point of an optical system cor-
responds to a focal plane position. The focal point of focal
plane represents the distance at which an image or an
object is focused. A scan object can particularly be a
single tooth, a plurality of teeth or a human jaw. It is pos-
sible to apply the principles of the present invention to
other areas in which a movabile lens of a dental 3D-scan-
ner is integrated in a handheld housing so that higher
oscillation frequencies of the lens are required to com-
pensate for movements of the housing caused by the
operator of the 3D-scanner. For instance, the principles
of the present invention can also be used in an industrial
3D-scanner.

[0030] These and otheraspects of the invention will be
apparent from and elucidated with reference to the em-
bodiments described hereinafter. In the following draw-
ings

Fig. 1  shows a schematic illustration of a dental 3D-
scanner according to an aspect of the present
invention;

Fig. 2 shows a schematic illustration of a measure-
ment principle based on a moving lens in a 3D-
scanner;

Fig. 3 shows a schematic perspective illustration of
an apparatus according to the presentinvention
with a lens unit in the rear reversal position;

Fig.4 shows a schematic perspective illustration of
the apparatus with a lens unit in the front re-
versal position;

Fig. 5 shows a schematic side view of the apparatus;

Fig. 6 shows a schematic top view of the apparatus;

Fig. 7 shows a schematic illustration of the positions
of the centerlines of mass in a side view; and

Fig. 8 shows a schematic illustration of the positions
of the centerlines of mass in a bottom view.

[0031] In Fig. 1, a dental 3D-scanner 10 for scanning

a 3-dimensional scan object according to the presentin-
vention is schematically illustrated. The dental 3D-scan-

10

15

20

25

30

35

40

45

50

55

ner 10 includes a handheld housing 12. In the illustrated
example, the handheld housing 12 has a widening rear
section 12a to be held in the hand of an operator and a
tapered front section 12b to be inserted into the mouth
of a patient. Attached to the rear section 12a is a cable
via which the handheld housing 12 is connected to a con-
trol device 14 that can, e.g., correspond to a personal
computer. The dental 3D-scanner 10 has a window in its
tapered front section 12b through which alight signal can
pass and can reach a detector 16 inside the handheld
housing 12. The dental 3D-scanner 10 is controlled by a
control unit 18 that, in the illustrated example, is included
in the control device 14.

[0032] The dental 3D-scanner 10 of the present inven-
tion can particularly be put to use in a dentist’s surgery
or also in a dental laboratory to obtain an in-situ scan of
a situation in the mouth of a patient. Usually, the situation
in the mouth of a patient is scanned intraorally. It is, how-
ever, also possible that a scan object outside the mouth
of apatientis scanned. The handheld housing 12is hand-
guided by a dentist or dental technician that moves the
3D-scanner around the scan object. This allows to obtain
an in-situ scan to obtain a 3D representation. Itis advan-
tageous if a live visualization of the scan object, in par-
ticular the teeth or the jaw of the patient, is displayed on
a screen during the data collection as schematically il-
lustrated.

[0033] Itistobe understood that the illustrated embod-
iment is an example and that it is also possible that the
different components are arranged in a different way. For
instance, it is possible that the handheld housing 12 in-
cludes the control unit 18 and/or that the handheld hous-
ing 12 is connected via a wireless connection with the
control device 14. Also, it is possible that the handheld
housing 12 includes all components of the dental 3D-
scanner and that only an image of the scan object is
transferred to a separate external screen.

[0034] InFig. 2, the measurement principle of the den-
tal 3D-scanner 10 is schematically illustrated. The dental
3D-scanner 10 has a lens 20 through which a light signal
from a scan object 22 passes prior to reaching the de-
tector 16. The scan process thereby is based on a vari-
able focal point 24. The focal point 24 corresponds to a
focal plane. The focal point 24 is varied so that the entire
spatial dimension of the scan object 22 is sampled. In
other words, the image obtained by means of the detector
16 is focused at variable distances from the 3D-scanner
10 or its detector 16, respectively. The measurement
principle thereby corresponds to a confocal microscope.
Usually, the lens oscillates to periodically vary the focal
point.

[0035] In the illustrated embodiment, the lens 20 is
moved between a front oscillation position 20a and arear
oscillation position 20b. By moving the lens 20, the focal
point 24 is moved from afirst position 24a above the scan
object 22 to a second position 24b below the scan object
22 or the area of interest of the scan object 22. Usually,
the lens 20 oscillates between the two positions at a con-
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stant oscillation frequency so that a constant sampling
of the scan object 22 is obtained. Since the dental 3D-
scanner 10 is not fixed in its position versus the scan
object 22 but manually moved around the scan object 22
to allow for manual intraoral application, the oscillation
frequency is thereby in the order of 10 Hz. By making
use of such a comparatively high oscillation frequency,
a blurring of the obtained scan due to movements of the
scanner versus the scan object 22 is avoided. In the il-
lustrated embodiment, a mirror 26 is arranged between
the lens 20 and the scan object 22. The movement of the
lens 20 is thereby obtained by means of an apparatus
28 for varying a focal point of an optical system according
to the present invention.

[0036] InFigs. 3 and 4, the apparatus 28 for varying a
focal point of an optical system in the dental 3D-scanner
of the present invention is schematically illustrated in a
perspective view. The apparatus 28 includes a lens unit
30 with a lens 20 and a corresponding holding arrange-
ment 32 for holding the lens 20, a guide unit 34 for guiding
the movement of the lens unit 30 and a drive unit 36 for
driving the movement.

[0037] The lens unit 30 thereby includes all movable
parts. The lens unit 30 is movable between a front re-
versal position as illustrated in Fig. 4 and a rear reversal
position as illustrated in Fig. 3. In the front reversal posi-
tion, the distance to a detector (not illustrated in the Figs.)
is increased so that the focal point of the optical system
formed by the lens 20 and the detector is moved further
away from the lens.

[0038] The drive unit 36 includes a linear motor 38 with
an anchor 40 and a stator 42. The anchor 40 is moved
versus the stator 42 along a drive axis 44. Usually a 3-
phase linear servomotor is used as the linear motor 38.
The linear motor 38 may include a hall sensor 39 (not
illustrated) that is integrated with the linear motor housing
and that provides a sensor signal to be used for control-
ling the power supply of the linear motor 38. The move-
ment induced by the drive unit 36 is parallel to the drive
axis 44. Thereby, the drive axis 44 is parallel to an optical
axis 46 of the lens 20 and a guide axis 48 along which
the movement of the lens unit 30 is guided by the guide
unit 34. The optical axis 46 of the lens 20 runs through
the center of the lens 20.

[0039] As illustrated in Figs. 3 and 4, the linear move-
ment of the lens unit 30 between the front reversal posi-
tion and the rear reversal position is in the opposite di-
rection of the movement of the anchor 40. When the lens
unit 30 is moved forward, the anchor 40 is moved back-
ward as illustrated in Fig. 4. By making use of this counter
movement, it becomes possible to compensate for vibra-
tions caused by the mass of the lens unit 30 when it os-
cillates. Preferably, a mass of the lens unit 30 is thereby
equivalent to a mass of the anchor 40 so that optimal
vibration cancellation is obtained. It is possible to add
weight to one of the anchor 40 and the lens unit 30.
[0040] On the one hand, itis possible that the lens unit
30 is moved between the front reversal position and the
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rear reversal position. Thereby, the distance between the
front and rear reversal positions represents a maximum
displacement. Itis, however, also possible that the linear
motor 38 is controlled so that the movement of the lens
unit 30 is subject to a smaller displacement. The use of
a linear motor 38 has the advantage that the movement
of the lens unit 30 can be inverted at any desired position
between the front and rear reversal positions. In this re-
spect, a front and rear oscillation position correspond to
positions in which the movement of the lens unit 30 is
inverted. The distance between the front and rear oscil-
lation positions is smaller than the distance between the
front and rear reversal positions.

[0041] In Fig. 5, the apparatus 28 is illustrated in a
schematic side view to further describe the motion of the
lens unit 30 and drive unit 36. In order to transform the
movement of the anchor 40 in a rear direction (right in
the illustration in Fig. 5) into a movement of the lens unit
30 in a front direction (left), it is required to invert the
movement. For this, a coupling arrangement 50 of the
drive unit 36 is arranged between the linear motor 38 and
the lens unit 30.

[0042] Thecouplingarrangement50includes aflexible
connection element 52 which transfers the force from the
anchor 40 to the lens unit 30. In the illustrated embodi-
ment, the flexible connection element 52 is a steel strip
which is sufficiently strong to transport the recurrent forc-
es at higher oscillation frequencies and which allows
transferring both tractive and compressive forces. The
coupling arrangement 50 preferably includes a tension
element 54 which comprises a spring in the illustrated
embodiment. The tension element 54 is used to exert a
force on the flexible connection element 52 so that this
flexible connection element 52 is under tension and can
transfer forces without shaking. This is particularly im-
portant when the movement of the lens unit 30 is inverted
in the front or rear reversal positions or in the front or rear
oscillation positions. The coupling arrangement 50 fur-
ther includes an inverting element 56 which comprises a
ball bearing in the illustrated embodiment. This inverting
element 56 inverts the movement of the anchor 40 by
guiding the flexible connection element 52 through a 180°
direction change. In the illustrated embodiment, two ball
bearings are used.

[0043] InFig. 6, the functionality of the guide unit 34 is
illustrated based on a top view of the apparatus 28. The
guide unit 34 connects the lens unit 30 and the drive unit
36. The guide unit 34 is affixed to the stator 42 of the
linear motor 38. The lens unit 30 and the anchor 40 of
the linear motor 38 are moved with respect to the guide
unit 34 and the stator 42.

[0044] In the illustrated embodiment, the guide unit 34
includes a recirculating ball bearing guide 58 in which an
engaging element 60 of the lens unit 30 is guided. The
linear recirculating ball bearing guide 58 thereby func-
tions comparable to a railing. By making use of a ball
bearing, friction is minimized so that high oscillation fre-
quencies are possible.
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[0045] Furthermore, the guide unit 34 includes a posi-
tion sensor 62 which allows obtaining information on a
position, in particular a lateral position, of the lens unit
30 with respect to the guide unit 34. In the illustrated
embodiment, the Dentsply Sirona Inc

position sensor 62 is an optical sensor that measures a
distance. This position of the lens unit 30 is direct meas-
ure of the current position of the lens and the focal point
as well as the current position of the anchor 40 of the
linear motor 38. The sensor signal of the position sensor
62 can be used to control the drive unit 36 so that a direct
feedback and control loop becomes possible. In partic-
ular, it is possible to specify specific front and rear oscil-
lation positions and control the current position to decide
whether to move in the other direction based on the sen-
sor signal of the position sensor. Thereby, the corre-
sponding control can be exercised in a control unit that
can also be included in a dental 3D-scanner or that can
be externally arranged in a separate processing device.
[0046] In Figs. 7 and 8, the apparatus 28 is schemat-
ically illustrated in a side view (Fig. 7) and in base view
(Fig. 8). In order to minimize torque moments and rota-
tional forces that could also result in vibrations of the
dental 3D-scanner, it is advantageous that a centerline
of mass 64 of the anchor 40 is equal to a centerline of
mass 66 of the lens unit 30. The centerlines of mass 64,
66 are thereby parallel to the guide axis. As illustrated in
the two different views in Figs. 7 and 8, the centerline of
mass 64 of the anchor and the centerline of mass 66 of
the lens unit are equal both in the side view and in the
bottom view. This construction allows preventing torque
forces from occurring.

[0047] The foregoing discussion discloses and de-
scribes merely exemplary embodiments of the present
disclosure. As will be understood by those skilled in the
art, the present disclosure may be embodied in other
specific forms without departing from the scope of the
appended claims.

[0048] In the claims, the word "comprising" does not
exclude other elements or steps, and the indefinite article
"a" or "an" does not exclude a plurality. A single element
or other unit may fulfill the functions of several items re-
cited in the claims.

Claims

1. Apparatus (28) for varying a focal point (24) of an
optical systemin a dental 3D-scanner (10), compris-

ing:

a lens unit (30) with a lens (20) being movable
between a front reversal position and a rear re-
versal position to vary a position of a focal point
with respect to a scan object (22);

a guide unit (34) for guiding a movement of the
lens unit between the front reversal position and
the rear reversal position along a guide axis (48)
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being parallel to an optical axis (46) of the lens;
and

a drive unit (36) for driving the movement of the
lens unit, said drive unit including a linear motor
(38) with an anchor (40) and a stator (42), said
anchor being movable along a drive axis (44) of
the drive unit that is parallel to the guide axis,
characterized in that said stator being affixed
to the guide unit,

wherein the drive unit (36) includes a coupling
arrangement (50) for coupling a movement of
the anchor (40) and the lens unit (30) so that a
movement of the anchor in a first direction is
transferred to a movement of the lens (20) in a
second direction opposite to the first direction,
wherein the coupling arrangement (50) includes
a flexible connection element (52) for connect-
ing the anchor (40) and the lens unit (30) to trans-
fer a force from the anchor to the lens unit; and
wherein the coupling arrangement (50) includes
an inverting element (56) for inverting the move-
ment of the anchor (40).

Apparatus (28) as claimed in claim 1, wherein the
coupling arrangement (50) includes a tension ele-
ment (54) for tensioning the flexible connection ele-
ment (52).

Apparatus (28) as claimed in any one of the preced-
ing claims, wherein the guide unit (34) includes a
position sensor (62) for determining a position of the
lens unit (30) between the front reversal position and
the rear reversal position.

Apparatus (28) as claimed in claim 3, wherein the
drive unit (36) is configured to control the movement
of the lens unit (30) based on a sensor signal of the
position sensor (62).

Apparatus (28) as claimed in any one of the preced-
ing claims, wherein the guide unit (34) includes a
linear recirculating ball bearing guide (58);

and

the lens unit (30) includes an engaging element (60)
forengaging into said linear recirculating ball bearing
guide.

Apparatus (28) as claimed in any one of the preced-
ing claims, wherein a mass of the lens unit (30) is
equal to a mass of the anchor (40) to compensate
reaction forces resulting from accelerations of the
lens (20) and the anchor.

Apparatus (28) as claimed in any one of the preced-
ing claims, wherein a centerline of mass (66) of the
lens unit (30) parallel to the guide axis (48) corre-
sponds to a centerline of mass (64) of the anchor
(40) parallel to the guide axis.
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Apparatus (28) as claimed in any one of the preced-
ing claims, wherein the linear motor (38) is a brush-
less 3-phase linear servomotor; and the linear motor
includes a hall sensor for measuring a position of the
anchor (40) with respect to the stator.

Apparatus (28) as claimed in any one of the preced-
ing claims, wherein a maximum displacement of the
anchor (40) is equal to a distance between the front
reversal position and the rear reversal position.

Apparatus (28) as claimed in any one of the preced-
ing claims, wherein the drive unit (36) is configured
to drive the movement of the lens unit (30) to oscillate
between a selectable front oscillation position (20a)
and a selectable rear oscillation position (20b) at an
oscillation frequency of 2 to 20 Hz.

Dental 3D-scanner (10) for scanning a three-dimen-
sional scan object (22), comprising:

an apparatus (28) as claimed in any one of the
preceding claims;

a detector (16) for detecting a light signal from
the scan object passing through the lens (20);
and

a handheld housing (12) for manually guiding
the 3D-scanner around the scan object.

Dental 3D-scanner (10) as claimed in claim 11, com-
prising a control unit (18) for controlling the drive unit
(36).

Patentanspriiche

1.

Vorrichtung (28) zur Veranderung eines Brennpunk-
tes (24) eines optischen Systems in einem dentalen
3D-Scanner (10), umfassend:

eine Linseneinheit (30) mit einer Linse (20), die
zwischen einer vorderen Umkehrposition und
einer hinteren Umkehrposition bewegbarist, um
eine Position eines Brennpunktes in Bezug auf
ein Scan-Objekt (22) zu verandern;

eine Fuhrungseinheit (34) zum Fihren einer Be-
wegung der Linseneinheit zwischen der vorde-
ren Umkehrposition und der hinteren Umkehr-
position entlang einer Fiihrungsachse (48), die
parallel zu einer optischen Achse (46) der Linse
ist; und

eine Antriebseinheit (36) zum Antreiben der Be-
wegung der Linseneinheit, wobei die genannte
Antriebseinheit einen Linearmotor (38) mit ei-
nem Anker (40) und einem Stator (42) ein-
schliefl3t, wobei der genannte Anker entlang ei-
ner Antriebsachse (44) der Antriebseinheit be-
wegbar ist, die parallel zur Fihrungsachse ist,
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dadurch gekennzeichnet, dass der Stator an
der FUhrungseinheit befestigt ist,

wobei die Antriebseinheit (36) eine Kopplungs-
anordnung (50) zum Koppeln einer Bewegung
des Ankers (40) und der Linseneinheit (30) ein-
schlief3t, sodass eine Bewegung des Ankers in
einer ersten Richtung auf eine Bewegung der
Linse (20) in einer der ersten Richtung entge-
gengesetzten zweiten Richtung ubertragen
wird,

wobei die Kopplungsanordnung (50) ein flexib-
les Verbindungselement (52) zum Verbinden
des Ankers (40) und der Linseneinheit (30) ein-
schlieRt, um eine Kraft vom Anker auf die Lin-
seneinheit zu Gbertragen; und

wobei die Kopplungsanordnung (50) ein inver-
tierendes Element (56) zum Invertieren der Be-
wegung des Ankers (40) einschlieft.

Vorrichtung (28) nach Anspruch 1, wobei

die Kopplungsanordnung (50) ein Spannelement
(54) zum Spannen des flexiblen Verbindungsele-
ments (52) einschlieft.

Vorrichtung (28) nach einem der vorhergehenden
Anspriiche, wobei

die FUhrungseinheit (34) einen Positionssensor (62)
zum Bestimmen einer Position der Linseneinheit
(30) zwischen der vorderen Umkehrposition und der
hinteren Umkehrposition einschlief3t.

Vorrichtung (28) nach Anspruch 3, wobei die An-
triebseinheit (36) konfiguriert ist, um die Bewegung
der Linseneinheit (30) basierend auf einem Sensor-
signal des Positionssensors (62) zu steuern.

Vorrichtung (28) nach einem der vorhergehenden
Anspriiche, wobei

die Fuhrungseinheit (34) eine lineare Umlaufkugel-
lagerfiihrung (58) einschlief3t; und

die Linseneinheit (30) ein Eingriffselement (60) zum
Eingreifen in die genannte lineare Umlaufkugella-
gerfuhrung einschlieft.

Vorrichtung (28) nach einem der vorhergehenden
Anspriiche, wobei eine Masse der Linseneinheit (30)
gleich einer Masse des Ankers (40) ist, um Reakti-
onskrafte zu kompensieren, die aus Beschleunigun-
gen der Linse (20) und des Ankers resultieren.

Vorrichtung (28) nach einem der vorhergehenden
Anspriiche, wobei eine Massenmittellinie (66) der
Linseneinheit (30) parallel zur Fiihrungsachse (48)
einer Massenmittellinie (64) des Ankers (40) parallel
zur Fihrungsachse entspricht.

Vorrichtung (28) nach einem der vorhergehenden
Anspriiche, wobei der Linearmotor (38) ein biirsten-
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loser 3-Phasen-Linear-Servomotor ist; und
derLinearmotor einen Hallsensor zum Messen einer
Position des Ankers (40) in Bezug auf den Stator
einschlief3t.

Vorrichtung (28) nach einem der vorhergehenden
Anspriiche, wobei eine maximale Verlagerung des
Ankers (40) gleich einem Abstand zwischen der vor-
deren Umkehrposition und der hinteren Umkehrpo-
sition ist.

Vorrichtung (28) nach einem der vorhergehenden
Anspriiche, wobei die Antriebseinheit (36) konfigu-
riert ist, um die Bewegung der Linseneinheit (30) an-
zutreiben, um zwischen einer wahlbaren vorderen
Schwingungsposition (20a) und einer wahlbaren
hinteren Schwingungsposition (20b) mit einer
Schwingungsfrequenz von 2 bis 20 Hz zu schwin-
gen.

Dentaler 3D-Scanner (10) zum Scannen eines drei-
dimensionalen Scan-Objekts (22), umfassend:

eine Vorrichtung (28), nach einem der vorher-
gehenden Anspriiche;

einen Detektor (16) zum Detektieren eines
durchdie Linse (20) hindurchtretenden Lichtsig-
nals von dem Scan-Objekt; und

ein in der Hand haltbares Gehause (12) zum
manuellen Fuhren des 3D-Scanners um das
Scan-Objekt.

Dentaler 3D-Scanner (10) nach Anspruch 11, um-
fassend eine Steuereinheit (18) zum Steuern der An-
triebseinheit (36).

Revendications

1.

Appareil (28) pour faire varier un point focal (24) d’'un
systéme optique dans un scanner dentaire 3D (10),
comprenant :

une unité de lentille (30) dont une lentille (20)
peut se déplacer entre une position d’inversion
avant et une position d’inversion arriére pour fai-
re varier une position d’un point focal par rapport
a un objet a scanner (22) ;

une unité de guidage (34) pour guider un mou-
vement de I'unité de lentille entre la position d’in-
version avant et la position d’inversion arriere le
long d’un axe de guidage (48) paralléle a un axe
optique (46) de la lentille ; et

une unité d’entrainement (36) pour entrainer le
mouvement de l'unité de lentille, ladite unité
d’entrainement comprenant un moteur linéaire
(38) doté d’'une ancre (40) et d’un stator (42),
ladite ancre étant mobile le long d’'un axe d’en-
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trainement (44) de I'unité d’entrainement qui est
paralléle a 'axe de guidage, caractérisé en ce
que ledit stator est solidaire de I'unité de guida-
ge,

dans lequel l'unité d’entrainement (36) com-
prend un agencement de couplage (50) pour
couplerun mouvementde I'ancre (40) etde I'uni-
té de lentille (30) de sorte qu’'un mouvement de
I'ancre dans une premiere direction soit trans-
féré a un mouvementde la lentille (20) dans une
seconde direction opposée a la premiére direc-
tion,

dans lequel I'agencement de couplage (50)
comprend un élément de connexion flexible (52)
pour connecter I'ancre (40) et I'unité de lentille
(30) pour transférer une force de I'ancre a l'unité
de lentille ; et

dans lequel I'agencement de couplage (50)
comprend un élément d’inversion (56) pour in-
verser le mouvement de I'ancre (40).

Appareil (28) selon la revendication 1, dans lequel
I'agencement de couplage (50) comprend un élé-
ment de tension (54) pour mettre en tension I'élé-
ment de connexion flexible (52).

Appareil (28) selon 'une quelconque des revendica-
tions précédentes, dans lequel

I'unité de guidage (34) comprend un capteur de po-
sition (62) pour déterminer une position de I'unité de
lentille (30) entre la position d’inversion avant et la
position d’inversion arriére.

Appareil (28) selon la revendication 3, dans lequel
I'unité d’entrainement (36) est congue pour entrainer
le mouvement de I'unité de lentille (30) sur la base
d’un signal de capteur du capteur de position (62).

Appareil (28) selon 'une quelconque des revendica-
tions précédentes, dans lequel l'unité de guidage
(34) comprend un guidage a recirculation de billes
linéaire (58) ; et I'unité de lentille (30) comprend un
élément d’insertion (60) pour s’insérer dans ledit gui-
dage a recirculation de billes linéaire.

Appareil (28) selon 'une quelconque des revendica-
tions précédentes, dans lequel une masse de 'unité
de lentille (30) est égale a une masse de I'ancre (40)
pour compenser les forces de réaction résultant des
accélérations de la lentille (20) et de I'ancre.

Appareil (28) selon 'une quelconque des revendica-
tions précédentes, dans lequel une ligne médiane
de masse (66) de l'unité de lentille (30) parallele a
I'axe de guidage (48) correspond a une ligne média-
ne de masse (64) de I'ancre (40) paralléle a I'axe de
guidage.
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Appareil (28) selon I'une quelconque des revendica-
tions précédentes, dans lequel le moteur linéaire
(38) est un servomoteur linéaire triphasé sans
balais ; et

le moteur linéaire comprend un capteur a effet Hall
pour mesurer une position de I'ancre (40) par rapport
au stator.

Appareil (28) selon I'une quelconque des revendica-
tions précédentes, dans lequel un déplacement
maximal de I'ancre (40) est égal a une distance entre
la position d’'inversion avant et la position d’'inversion
arriere.

Appareil (28) selon I'une quelconque des revendica-
tions précédentes, dans lequel l'unité d’entraine-
ment (36) est congue pour entrainer le mouvement
de l'unité de lentille (30) pour osciller entre une po-
sition d’oscillation sélectionnable avant (20a) et une
position d’oscillation sélectionnable arriere (20b) a
une fréquence d’oscillation de 2 a 20 Hz.

Scanner dentaire 3D (10) pour scanner un objet tri-
dimensionnel a scanner (22), comprenant :

un appareil (28) selon I'une quelconque des re-
vendications précédentes ;

un détecteur (16) pour détecter un signal lumi-
neux provenant de I'objet a scanner qui passe
par la lentille (20) ; et

un boitier portatif (12) pour guider manuellement
le scanner 3D autour de I'objet a scanner.

Scanner dentaire 3D (10) selon la revendication 11,
comprenant une unité de commande (18) pour com-
mander I'unité d’entrainement (36).
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